In this paper we generalize the flux ratio method Bailey et al. (2009) to the case of two luminosity indicators and search the optimal luminosity-flux ratio relations on a set of spectra whose phases are around not only the date of bright light but also other time. With these relations, a new method is proposed to constrain the host galaxy extinction of SN Ia and its distance. It is first applied to the low redshift supernovas and then to the high redshift ones. The results of the low redshift supernovas indicate that the flux ratio method can indeed give well constraint on the host galaxy extinction parameter E(B-V), but weaker constraints on R V . The high redshift supernova spectra are processed by the same method as the low redshift ones besides some differences due to their high redshift. Among 16 high redshift supernovas, 15 are fitted very well except 03D1gt. Based on these distances, Hubble diagram is drew and the contents of the Universe are analyzed. It supports an acceleration behavior in the late Universe. Therefore, the flux ratio method can give constraints on the host galaxy extinction and supernova distance independently. We believe, through further studies, it may provide a precise tool to probe the acceleration of the Universe than before.
Introduction
The Type Ia Supernova (SN Ia) as a standard candle plays an important role in the cosmological probes. It is the relations proposed in Phillips (1993) that make the measure-ment of decelerator factor of the universe possible. Based on this relationship, a set of improved techniques are developed, such as the Multicolor Light-Curve Shape method (MLCS) Riess et al. (1996) , the Stretch method Perlmutter et al. (1997) , the Spectral Adaptive Light curve Template method (SALT) Guy et al. (2005) and so on. Using these methods, the luminosity distance of a supernova can be measured to a precision 7−10%. In contrast to these methods which use the light curve shape and color information to standardize the supernova luminosity, some authors use spectral features as the luminosity indicators, for example, Nugent et al. (1995) , Bongard et al. (2006) , Hachinger et al. (2006) , Bronder et al. (2008) . Although these methods are very interesting, till now they are not so much competitive as the above mentioned methods.
The SN Ia luminosity is affected by many factors. One of the most important is the host galaxy extinction. As for this, there exits several methods to estimate it. The first one is the Lira-Phillips relation Phillips et al. (1999) , which show that the B-V color curve of SN Ia with small host galaxy extinction evolves in a similar way within days after the maximum light. Therefore, comparing the observed B-V color curve with this color evolution, one can constrain the host galaxy extinction for an individual SN. The second one is the Multicolor Light Curves Shape (MLCS) method Riess et al. (1996) , which compare the observed light curves with the template light curves. The third one is to measure the equivalent width of the interstellar Na I D doublet which is correlate to the line of sight dust Barbon et al. (1990) ; Munari & Zwitter (1997) .
Recently, Bailey et al. (2009) searched the optimal correlation between the B maximum M and the flux ratios at any two wavelengths. It is claimed that the scatter can be decreased to 0.12. However, in that paper, the phases of spectra are required within ±2.5 days around the day of B maximum t 0 , and the host galaxy dust extinction are corrected in an indirect method. Here we search the possible relationships between the B maximum M and the flux ratios at different phases, for example, t = −6 ∼ 14 days, with all the supernova spectra are deredden to correct for both Galaxy and host galaxy extinction directly. Furthermore, we search the optimal linear relationships by introducing two flux ratios R λ 1 /λ 2 , R λ 3 /λ 4 as the luminosity indicators. It is expected that a part of the intrinsic scatter in the one luminosity indicator case can be compensated by introducing another luminosity indicator, therefore the final scatter can be deceased as much as possible.
After corrected for the host galaxy dust contamination directly, small luminosity scatters of SN Ia can be obtained from the flux ratio method, especially in the case of two flux ratios being used as the luminosity indicators. With this, it is possible to fit the host galaxy extinction and distance modulus at the same time. Such an attempt to constrain the host galaxy extinction and distance modulus is different from the methods employed before. It can provide another independent estimation on host galaxy extinction and distance modulus. Besides this, several fitting results for the same supernova can be compared with each other since the luminosity-flux ratio (L-F) relation has been generalized to other supernova phases besides the maximum day.
The aim of this paper is to develop the flux ratio method and make it to be a reliable tool to estimate the distance of type Ia supernova and its host galaxy extinction. We will go through all the procedures to produce a Hubble diagram from the supernova spectra by using the flux ratio method. Considering that the number of the train spectra is finite and it is the first time to apply the method, we pay more attentions on the method itself than the detailed results. This paper is organized as follows. Section 2 concentrates on the luminosity-flux ratio relation, in which the SN Ia luminosities are fitted with one luminosity indicator or two luminosity indicators respectively and the optimal luminosity scatters are obtained by searching all the wavelength pairs at each day within [-6,14] . In section 3, a method is proposed to constrain the host galaxy extinction and distance of the supernova. Then it is applied to the low redshift samples. In section 4, the flux ratio method is applied to the high redshift supernova spectra, and the difference between high redshift supernova samples and the low ones are emphasized. At the end of this section, the Hubble diagram and the (Ω m , Ω Λ ) contour map are given. Finally we give the discussion and summary in the last section.
Luminosity-flux ratio relation

Data set
The supernova spectra used in this section come from two sources, one is Matheson et al. (2008) and the other is the Online Supernova Spectrum Archive 1 . All of them are public available.
The supernovas used in this section are required to satisfy the following conditions: 1) There are photometric observations within the time interval [-6,6 ] day (relative to the date of B maximum here and after) and spectrographic observation in the time interval [-6,14] day; 2) A V,host < 1.0; 3) the difference between the B magnitude synthesized from the supernova spectrum and the observed B magnitude must be smaller than 0.05 mag. Totally, we obtained 38 supernovas which are listed in Table 1 . In the same table, the following information is also listed: the redshift z cmb (in the CMB rest frame), the phase windows each supernova contributed to, the date of B maximum t 0 , the apparent B maximum magnitude m, Milky Way dust extinction E(B − V ) gal , and the host galaxy extinction parameters (A V , R V ). The Milky Way dust extinction parameter E(B −V ) gal is adopted from the Schlegel et al. (1998) , while the host galaxy extinction parameter and the time t 0 comes mainly from the results of Jha et al. (2007) , and for those supernovas which do not appear in that paper these values are from the results fitted by individual authors. Table 2 is the information of the left supernovas which are not included in the train data set since they do not satisfy the above condition 1) or 2) but can be used in later section.
The absolute magnitude M is calculated by
where m is the apparent B band maximum magnitude, k is the K correction term in the date t 0 which is calculated by the software SNANA Kessler et al. (2009b) , µ is the distance modulus, and A B,gal (A B,host ) is the Milky Way (host galaxy) extinction in B band (strictly, Equation 1 should be M B = m X − k XB − A X,gal − A B,host − µ, for low redshift supernova, X is B filter band. In later section, we use the simple form. When it is applied to high redshift samples, it means the strict form). For all supernovas, the distance modulus is adopted from the results of Jha et al. (2007) if it is possible, otherwise it is directly calculated from z cmb . In all cases H 0 is fixed at 65km/s, different choice of H 0 does not affect the later analysis but just changes the zero point of the luminosity-flux ratio relation by a constant. So after here, when H 0 is needed, it takes a value of 65km/s.
All the train spectra are deredshifted to the supernova rest frame, and deredden by using the Galaxy and host galaxy extinction presented in Table 1 through the CCM extinction law Cardelli et al. (1989) . Like Bailey et al. (2009) , the spectrum flux are binned in c∆λ/λ ∼ 2000km/s with F (λ) = λ+∆λ/2 λ−∆λ/2 f (λ)dλ/∆λ (f (λ) is the flux after deredshifted and deredden). 
SN
Luminosity-flux ratio relations with one indicator
In this section, we investigate the relations between the B band maximum magnitude M and the flux ratio at each day within [-6,14] (here and after, when phase is mentioned it means that the spectra used are within ±2.5 days around these phases). At each phase t, we first select the supernovae spectra whose phase is within [t-2.5,t+2.5] . If there are multiple spectra for the same supernova within ±2.5 day phase window, we choose the one which is nearest to the center phase. The wavelength range is [375, 750] nm. It is noted that not every spectrum selected cover wavelength range [375, 750] nm, for each wavelength pair, only the supernovas which cover these wavelengths are used. Then we fit the data with linear relation
for all possible wave pairs (λ 1 , λ 2 ) by the unweighted least square method, and calculate the corresponding the scatter. The number of the supernovas used in each fitting is required to be greater than 18 except t = 12 and the flux ratio is defined by
It is easy to find that the distribution of luminosity scatter in the (λ 1 , λ 2 ) plane have some peaks and troughs. Figure 1 is such an example at phase zero. We search these troughs and find the minimum values. At these places the mean values and uncertainties of (s, c, σ) are calculated through the following Probability Distribution Function (PDF)
where n is the number of the supernovas used in each calculation, i denotes the ith supernova. In this process, two kind of methods are adopted, one is the unweighted method, for which the errors of M or R are not accounted (in this case σ at both hands of Equation 3 is the total scatter which contains the intrinsic scatter and other uncertainties), the other is the weighted method for which the error of the magnitude, extinction, distance modulus and spectrum flux are considered (in this case, σ 2 at right hand of Equation 3 should be replaced by σ
is the intrinsic scatter). The uncertain of the flux ratio at some wave pairs contains two terms, one is that induced by the uncertain of its host galaxy extinction, another is the noise and distortion of the spectrum. It is noted that the train spectra are required to meet the condition |(B − V ) syn − (B − V ) obs | < 0.05, so the relative error of the later term is estimated to be 5%. Among these relations, five smaller ones at phases t = −3, 0, 3, 6, 9, 12 are listed in Table 4 .1 (all of them are selected randomly besides the first one corresponds to the best one in the unweighted case) and the first one are plotted in Figure 2 . is the apparent B maximum.
b Milky Way dust extinction, from Schlegel et al. (1998) . † Uncertain of A V (host) is set to 0.082 which is the average value for the train supernovas. is the apparent B maximum.
SN Ia
b Milky Way dust extinction, from Schlegel et al. (1998) . The results indicated that the M ∼ R λ 1 /λ 2 relation exists not only at the t = 0 but also at other phases, for example in the unweighted case the minimum scatters at t = −3, 3, 6, 9, 12 are 0.20(0.03) , 0.17(0.03), 0.17(0.03), 0.19(0.04), 0.14(0.03) respectively. At t = 0, it is found that at the neighborhood of (511, 644), (634, 581) and (638, 408) the magnitude scatter is small, which is consistent with the results of Bailey et al. (2009) which use the spectra obtained by the Nearby Supernova Factory collaboration Aldering et al. (2002) , they find the small scatter at (642, 512), (577, 642), (642, 443) and (642, 417) . Besides, we also search the M ∼ log(R λ 1 /λ 2 ) relation at each day within [-6,14] . Averagely the scatter is slightly greater than the M ∼ R λ 1 /λ 2 relation, for which the similar conclusion is obtained in Bailey et al. (2009) . Last, how these L-F relations dependent on the phase? Figure 3 illuminate two general cases, these local minimum scatters at phase t=5 are smallest at t=5 and become larger at other phases. At most case, one local minimum scatter found at one phase is not the local minimum scatter at other phase. Table 3 . Five fitting results with smaller scatter at phases t = −3, 0, 3, 6, 9, 12 using one flux ratio as the luminosity indicator. (s,c,σ) is the results which do not consider the errors, while (s, c, σ) considered the errors. The number of supernovas used in each fitting is denoted by n. All the results are listed in the form: mean value (1 σ uncertainty). -Dependent of scatter (in the unweighted case) on the phase, the " * " points correspond to the M ∼ R 500/409 relation, while the "+" points correspond to the M ∼ s1R 661/406 + R 664/499 relation. Both above relations are local minimums at phase t = 5.
Luminosity-flux ratio relations with two indicators
In this section we search the linear relations using two flux ratios as the luminosity indicators. The same analyzing procedures are used as that in one luminosity indicator case, the only difference is that two flux ratios are used in the fitting,
and the PDF of (s1, s2, c, σ) is
The five better L-F relations are listed in Table 4 and the best one are plotted in Figure 4 .
The minimum scatter at phases t = −3, 0, 3, 6, 9, 12 are respectively 0.10(0.02), 0.08(0.01), 0.10(0.02), 0.11(0.02), 0.11(0.02), 0.09(0.02) in unweighted case. Compared with the results of one luminosity indicator case all of them have large improvements: the magnitude scatter decreases about 0.05 ∼ 0.1 mag. Again we test the linear relations using two log flux ratios, the scatter is slightly greater than that using the flux ratio directly as that in the one luminosity indicator case. Last, it is noted that in both cases smaller scatters are obtained at phase 12 besides 0. Wang et al. (2005) found that the supernova luminosity are better calibrated by B -V color at t=12 days after B maximum. At some extent, color is the flux ratio at the scale of broadband. Thus, this result may be not just a coincidence for the train data set used here but a physical property for supernova.
It must to be stressed here that the definite position of troughs and their scatter may change with more spectra are added into the train data and the coefficients and uncertainties of these L-F relations are not very important in our method to constrain the distance and extinction of supernova, since they do not depend on particular one of the L-F relations but many of them as you may see in the later section.
3. Distance, host galaxy extinction of low redshift SN Ia 3.1. Method
As we know in the above section, the absolute B band maximum magnitude M is M = m − k − A B,gal − A B,host − µ. A B,gal can be calculated by A B,gal = E(B − V ) gal R B where the Galaxy extinction (E(B − V ) gal , R B,gal ) is adopted from the Schlegel et al. (1998) . Besides this, A B,host = E(B − V ) host R B,host , so the right hand side of Eq. (1) is a function Table 4 . Five fitting results with smaller scatter for phases t = −3, 0, 3, 6, 9, 12 using two flux ratios as the luminosity indicators. (s1,s2,c,σ) is the results which do not consider the errors, while (s1, s2, c, σ) considered the errors. The number of supernovas used in each fitting is denoted by n. All the results are listed in the form: mean value (1 σ uncertainty). of three unknown parameters (E(B − V ) host , R B,host , µ). Since R B can be easily obtained from R V through the CCM extinction law Cardelli et al. (1989) , it is also a function of unknown parameters (E(B − V ) host , R V,host , µ). At the same time we can also estimate the absolute B band maximum magnitude M from flux ratios. When ones use one flux ratio as the luminosity indicator, M = sR λ 1 /λ 2 + c; while one uses two flux ratios as the luminosity indicators, M = s1R λ 1 /λ 2 + s2R λ 3 /λ 4 + c (refer to section 2). Here the flux ratio is defined by R λ 1 /λ 2 = F (λ 1 )/F (λ 2 ), with F (λ) being the flux corrected for both Galaxy and host galaxy dust contamination at the SN rest frame, which can be computed from the observed flux f (λ),
Thus the flux ratio is
where Cardelli et al. (1989) and z is the redshift. So the right hand side of Eq. (2) (or Eq. (4)) is a function of unknown parameters (E(B − V ), R V ) (here and in the following, A, R, E refer to the host galaxy except stated otherwise.) when the Galaxy extinction is known.
With only one relation of Eq.(2) or Eq. (4) one can not determine the host galaxy extinction and distance modulus. But it should be noted that there exist many luminosityflux ratio relations at the same supernova phase. Therefore, it is possible to constrain the host galaxy parameter and distance modulus when one applies many L-F relations (the distribution of the luminosity scatter σ in the (λ 1 , λ 2 ) or (λ 1 , λ 2 , λ 3 , λ 4 ) plane has peaks and troughs, only the minimum of the troughs are used here. In later section, it will be seen that when the number of L-F relations great than 20 the results will converge). Let us denote them as (λ 1 , λ 2 ) sn in the one indicator case (or (λ 1 , λ 2 , λ 3 , λ 4 ) sn in the two indicators case). Then the probability distribution function (PDF) of (
in the case of one flux ratio as the luminosity indicator; while in the case of two flux ratios as the luminosity indicators, the PDF is
Here σ i is the scatter obtained for the ith L-F relation. It should be noted that the above formula is only right when s, c, σ is fixed, when they are distributed according to the function f (s, c, σ), the PDF becomes
or
From this, it is easy to calculate the mean values of (E(B−V ), R V , µ) and their uncertainties. It should be stressed here that the above method is not only suitable for the L-F relation with two indicators but also for the L-F relation with one indicator. However, at the same level of scatter, the number of first relations are far less than the second ones. For the data used here, only the second case can give the real constraint on distance and the host galaxy extinction. So in later section, we mainly focus on the L-F realtions with two indicators.
Extinction parameter
In this method, one of the extinction parameter E(B − V ) can be constrained very well, while R V can be only constrained loosely or even can not be constrained. It is noted that according to the CCM extinction law
In most cases R V |(a λ 1 − a λ 2 )| is smaller than |b λ 1 − b λ 2 |. Thus, (A λ 1 − A λ 2 ) and also the right hand side of Eq. (2) or Eq. (4) is mainly determined by E(B − V )(b λ 1 − b λ 2 ). It also should be noted that A B ≈ E(B − V )(R V + 1). Thus using a few relations Eq. (2) or Eq. (4), one can determine E(B − V ) very well, but cannot determine R V or only give a weak constraint on it. Even it can give weak constraint on R V , there exist degeneracy between R V and µ, since (R V , µ) appear in the PDF in the form of E(B − V )R V + µ approximately. In such a case, for a given E(B − V ), (R V , µ) can only be determined to a region along the line E(B − V )R V + µ ≈ const. This can be seen from the contour map of
However, R V also affects (A λ 1 − A λ 2 ) and also the right hand side of Eq. (2) or Eq. (4). For different luminosity-flux ratio relations their importance are different. Thus R V still can be determined from this method in principle, but for the L-F relations obtained here, the constraint on R V is weak and even not converge (approach to infinity or zero, since in the fitting procedure R V is assumed to be great than zero). In order to break the degeneracy and give more better constraint on host galaxy extinction and distance, one needs more better luminosity-flux ratio relations which are derived from the SN Ia samples that the host galaxy extinction is better corrected. So in the fitting procedure, R V is always fixed at some constant. This do not affect the constraint on the values of E(B − V ) largely. 
Fitting procedures and results
For a given spectrum with phase t, one can fit this spectrum with different L-F relations whose phase is around t. Using one L-F realtions one get a result. Among these results, one can choose the result which make the smallest change of the spectrum (due to the host galaxy extinction) as the best one. The above choice means that in the case of large host galaxy extinction the result with smallest E(B − V ) is the best one, while in the case of small extinction the result with E(B − V ) that approaches zero is the best one. This result is always better than the one obtained by applying the L-F relations at phase t. We also attempt to choice the result which has the smallest χ 2 /dof as the best one, but it does not work as well as the result which has the smaller change of the spectrum. This point should be checked in a further study.
Since the constraint on R V is weak, to fit the low redshift supernova spectra listed in Table 2 , R V takes values provided there. Thus the fitting parameter is (E(B − V ), µ). When the apparent magnitude is not known, we choose the fitting parameter as ( Table 5 present all the results of low supernova samples. Besides the best ones, the results determined by L-F relations whose phase is given in Table 2 are also listed. It is found that for most supernovas, the first set of results is close to the values listed in Table 2 , besides SN 1989B whose host galaxy extinction is estimated to be larger than that estimated by Jha et al. (2007) (correspondingly the distance is smaller than that estimated by Jha et al. (2007) ). Thus the method proposed in this section can indeed give information on the distance and its host galaxy extinction.
It is noted that the distances obtained from the spectra with different phases are generally consistent with each other but not completely. On the one side, this fact reflects that the method is valid, on the other hand it indicates there exist some uncertainty in the relations Eq. (2) or Eq. (4) which are obtained from a 38 SN Ia samples. This can be regarded as one advantage of the flux ratio method. That is, from the same method, different distances can be obtained to monitor the inconsistency of the method. The smaller is the difference between these distances, the more reliable to apply this method. Furthermore, one can get two different distances by using the same spectrum from luminosity-flux ratio Eq. (2) and Eq. (4) respectively, it also can reflect how well the F-L relations are. In short, it is possible to see the reliability of the flux ratio method from itself when one have two or more supernova spectrum with different phase. In this section, two high redshift supernova samples will be treated, one of them is SCP spectra Hook et al. (2005) , the other is SNLS three year spectra Balland et al. (2009) . These samples are fitted with the same method as the low redshift ones besides some difference due to their high redshift. The observed high redshift spectra are blue in the rest frame than the low redshift ones and their S/N are smaller than the low redshift samples, especially for the SNLS samples. So the L-F relations must be retreated again. First the spectrum flux of the train dataset are binned in c∆λ/λ ∼ 10000km/s with F (λ) = λ+∆λ/2 λ−∆λ/2 f (λ)dλ/∆λ. Second, the L-F relations are searched in the range of wavelength [375, 550] nm. The first point smoothes the features of the supernova spectrum, the second one loses many possible L-F relations outside of wavelength range [375, 550] nm. Thus, generally speaking, the scatter of these new L-F relations are averagely larger than the ones obtained above. The reason to choice c∆λ/λ ∼ 10000km/s and [375, 550] nm is that the SNLS samples are smooth after such an average and their wavelength in rest frame are mainly in the above range. The SCP samples are better than the SNLS samples, but we still average them with c∆λ/λ ∼ 10000km/s and fit them with L-F relations in the region [375, 550] nm.
The host galaxy contamination in the high redshift supernova spectrum is more common than that in the low redshift one. For the SCP samples, only the supernova spectrum which can be separated from the host components are used here, they are 97am,97ai,97ac,97G,97aj, while for the SNLS samples, we do not require this since the SNLS group play many attentions in this respect. All the possible samples are required in the preliminary phase [-3,12] which are determined in Hook et al. (2005) and Balland et al. (2009) , since out of this phase window, it is not sure whether the spectrum can be fitted since the L-F relation is only searched in the phase [-6,14] . Again, the supernova samples should has the public light curves data to find the maximum light. After these conditions are considered, in SNLS samples, only 03D1fl, 03D1gt, 03D4at, 03D4cx, 03D4cy, 03D4dy, 04D1ag, 04D1aj, 04D1ak, 04D2cf, 04D2fp, 04D2fs, 04D2gp, 04D2iu, 04D2ja, 04D4an, 04D4bk, 04D4bq, 04D4dw left. Even the spectrum is averaged in c∆λ/λ ∼ 10000km/s, they are not smooth when S/N < 1.0. So the spectra of 03D4cy, 04D1ak, 04D2ja, 04D4an are not used here due to their S/N < 1.0. The spectra of 03D1fl, 04D1aj, 04D4bk, 04D4dw are ignored ,because their wavelengths in the supernova rest frame are smaller than 500 nm, there are no enough better L-F relations to get convergent results as stated before. Totally, there are 16 samples used in this section. These supernova spectra are processed by the same method as that in the last section. The extinction and distance converges when the number of L-F relations used in each fitting is greater than 20, for example, Figure 7 illuminate how these two quantities of SN 97ai vary with the number of L-F realtions used in the fitting. Last the parameter R V takes a value of 2.2 which is suggested by Kessler et al. (2009a) . For the above high redshift supernova samples, E(B − V ) is small, so different choice of R V only change the distance a little.
Here, two estimation of distance are adopted, the first is to estimate the distance in the best fitting case, another is to average the few better fitting results and the uncertain is half of the difference between the largest result and the smallest result, for example, for 97am, there exists several better fitting results, [−0.06(0.01) It is easy to see that the first distance is overestimated while the second one is conservative. Both of the two distances are given here, but only the extinction of the best fitting results are given. It should be stressed that in the case of small extinction, the parameter E(B − V ) can not be regarded as the extinction like that in the case of large extinction, but just an effective parameter. When the extinction is small it contains many other effects besides the extinction. Only in the large extinction case, it will dominate all the factors.
All of these spectra except 03D1gt are fitted very well. Too large extinction are needed to fit the 03D1gt spectrum, which leads a very small distance. The possible reason of this bad fitting will be discussed later. The other supernova are fitted very well, they all do not need a large extinction. Compared with the Ω m = 0.27, Ω Λ = 0.73 flat universe the distance of 97aj has the largest deviation. The flat Universe predicts a distance modulus of 42.84, while the flux ratio method gives µ = 43.39(0.07). However, Kowalski et al. (2008) estimates µ = 41.98(0.42) and Hicken et al. (2009) takes µ = 42.067(0.398), which deviate from 42.84 far away than the value obtained by flux ratio method. Finally, we attempt to fit the same supernovas by using the unweighted L-F relations, the results do not change much. 
Hubble diagram
Using the distance obtained in the above section one can constrain the contents of the Universe. The Hubble diagram and the contents of the Universe are displayed in the Figure 8 and 9. Both of the above two distances support an acceleration Universe. The contours constrained from the two distances are consistent, but the contour from the first set of distances is smaller than that from the second ones. The center of contour maps for both cases are deviated from Ω m + Ω Λ = 1, but the flat Universe is still in the 2σ region. Considered that the number of our high redshift supernovas is only 15 and the train spectra comes from different observation, the flux ratio method can indeed be used to estimate the distance of high redshift supernovas. -Ω m , Ω Λ contours from the flux ratio method. The solid/dashed lines represent 1σ, 2σ, 3σ constraint from two different distances respectively (one is overestimated while the other is conservative).
Discussion and Summary
From the above analysis, the distance of supernova and its host galaxy extinction can be probed from the supernova spectrum, which is independent from other method. Actually, most type Ia supernovas has spectroscopic follow-up, so it is possible to estimate their distance and host galaxy extinction from the flux ratio method immediately. Furthermore, when there are two or more spectra of one type Ia supernova, the results can be check with each other. Another advantage of the method is that not one particular L-F relation but many of them play the decisive role in the distance estimation.
Of course, there are a lot of possible factors which affect the flux ratio method. The most important points are: 1) the supernova spectra train data set do not contain some one type of supernova spectrum, then the L-F relations may not fit this type of supernova rightly; 2) the total distortion of the supernova spectrum in the spectrograph, this can be monitored by checking the difference between the observed magnitude and that synthesized from spectra; 3) the host galaxy contamination, lots of supernova spectra have a large fraction of host galaxy component. To exploit these spectra, it should subtract the host galaxy components from them cleanly. Any case mentioned above will leads to wrong or bad results, may be the SNLS supernova 03D1gt is such a case. The other possible factors to affect the method includes: 4) the redshift uncertain , both due to the peculiar velocity and the measurement, since in the procedure of deredshift, the error of redshift will leads some uncertain of the spectra in the rest frame; 5) extinction of Milky Way and host galaxy, the host galaxy extinction for the train spectra will affect the L-F relations and then affect the distance estimation of other supernova, the uncertain in Milky dust extinction also will leads to systematic error in the distance estimation; 6) the noise of the spectrum in the measurement; 7) the uncertain of the phase of the train spectra. All these factors will affect the L-F relation, which make it easy to understand the following things. First, the host galaxy extinction E(B − V ) is only an effective parameter which contains not only the effect of host galaxy extinction but also other factors which may change the spectrum. When the host galaxy extinction is large, it will dominate among all the possible factors as found in section 3. Second, there is no or only weak constraint on R V . It is stated in the previous section that this method depends on R V loosely even in the ideal case. This dependence will be easily broken by the factors listed above, thus only in a more precise analysis, the flux ratio method can provide an effective constraints on R V .
Finally, let us summary the contents of this paper. First, we generalized the flux ratio method presented in Bailey et al. (2009) to supernova spectrum phase which is not around the date of B magnitude t 0 . This is useful when one wants to use this method to study the universe expansion, since generally speaking there are a lot of supernovas which do not have spectrum around the phase t 0 but have spectrum at other phase. Second, we search the optimal linear relationships between B maximum magnitude and flux ratios using two flux ratios as the luminosity indicators and obtained a scatter which is small than 0.1. The absolute value of the scatter is already small, but more important is that it will improve the scatter compared with that obtained by using only one flux ratio as the luminosity indicator. This improvement possibly comes from two sides, one is that in some case the intrinsic scatter in one flux ratio case can be offset by introducing another flux ratio, the other is that the scatter due to the spectrum which is not at the same phase maybe be decreased in this method. In Bailey et al. (2009) , the linear relation using one flux ratio as the luminosity indicator is studied at the phase t = 0 on a better spectra samples obtained by the Nearby Supernova Factory collaboration Aldering et al. (2002) , whose scatter can be smaller than 0.12. The result is already very good, but we believe that after using two flux ratios as luminosity indicators, the scatter can be decreased further to a very low level. Third, we try to correct the host galaxy extinction directly in this paper. Bailey et al. (2009) try to use flux rations which corrected for the host galaxy extinction and intrinsic dispersion without distinguishing the two effects. Here, we have a general host galaxy dust correction, but introduce errors from the uncertainties associated with A V . Since the flux ratio is the ratio of flux at two wavelengths, it is less sensitive to the change of the host galaxy extinction as the flux itself, but the host galaxy dust is still an obstacle to standardize the supernova peak luminosity in the flux ratio method. Without a better host galaxy extinction correction for the supernova samples, one can not get the precise luminosity-flux relation relations. The best method to solve this problem is to redo the analysis in a supernova samples whose dust extinction is small. Fourth, after searching the luminosity-flux ratio relations, we attempt to use it to fit the distances and host galaxy extinctions of low redshift supernovas. The results are consistent with that obtained by other independent methods. However, there exists some degeneracy between distance and the host galaxy extinction, which needs a further study. Last, the same method is applied to the high z supernova samples. Before fitting, we research the L-F relations using a smoother average condition in a small wavelength range. Two kind of distances are estimated, from which we obtained the Hubble diagram and analyzed the contents of the Universe, which support an acceleration Universe. So the flux ratio method can indeed provide another independent way to constrain the distance of SN Ia and its host galaxy extinction. gal are the host extinction obtained by using the L-F relation at phase1 (phase0). ‡ µ 1(0) are distance obtained by using the L-F relation at phase1 (phase0).
$ Phase0 is time of spectrum relative to the B magnitude maximum date listed in Table 1 , while phase1 is the phase of the L-F relation , at which the smallest change is needed to fit the spectrum. -A X -k XB , where X is some filter band. The first five values adopted from Perlmutter et al. (1999) , while others computed from the first year SNLS data Astier et al. (2006) .
